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(57)Abstract: 

PROBLEM TO BE SOLVED: To downsize a stage for positioning 
a reticle or a wafer, after maintaining a condition of exposure 
light or a function of measuring an imaging performance. 
SOLUTION: A wafer W is mounted on a wafer stage WST, which 
is so provided as to freely move to an X-direction and to a Y 
direction on a fixed plate 13, a pattern image of a reticle is 
exposed within an exposure region 12 on the wafer W and the 
exposure is performed by sweeping the reticle and the wafer 
toward the Y-direction. A stage 14 for measuring is provided 
freely movable in to the X-direction and to the Y-direction on 
the fixed plate 13 independently of the wafer stage WST and a 
space image detecting system, including a radiating amount 
monitor 18, a radiating unevenness sensor 19 and a measuring 
board 20, through which a slit is formed is installed on the stage 
14 for measuring. Since the wafer state WST may be provided 
with a minimum functions which are only required for making 
the exposure, the wafer stage can be downsized and made 
light-weight. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The 1 st stage which holds either of said masks and said substrates, and moves in a predetermined 
field in the aligner which imprints on a substrate the pattern formed in the mask using an exposure beam, 
and said 1 st stage are an aligner characterized by to have the 2nd independent stage and the metering device 
which is attached in this 2nd stage and measures the condition of said exposure beam. 
[Claim 2] It is the aligner characterized by being an aligner according to claim 1 and said 2nd stage being 
arranged by said 1st stage independently free [ migration ]. 

[Claim 3] The aligner which is an aligner according to claim 1 and is characterized by having the control 
unit to which said 1 st stage is moved between the location where said exposure beam is irradiated, and the 
location where said exposure beam is not irradiated. 

[Claim 4] The aligner which is an aligner according to claim 2 and is characterized by having the control 
unit to which said 2nd stage is moved between the location where said exposure beam is irradiated, and the 
location where said exposure beam is not irradiated. 

[Claim 5] The aligner which is an aligner according to claim 1 and is characterized by having the control 
unit which positions said 2nd stage in the location where said exposure beam is not irradiated when it is in 
the location where said 1 st stage can irradiate said exposure beam. 

[Claim 6] the 2nd stage where the 1 st stage which holds said substrate and moves in a predetermined field in 
the aligner which projects on a substrate the pattern formed in the mask through projection optics, and said 
1 st stage became independent — this — the aligner characterized by to have the metering device which is 
arranged on the 2nd stage and measures the image formation property of said projection optics. 
[Claim 7] It is the aligner characterized by being an aligner according to claim 6 and said 2nd stage being 
arranged by said 1st stage independently free [ migration ]. 

[Claim 8] The aligner which is an aligner according to claim 6 and is characterized by having the control 
unit to which said 1st stage is moved between the location in the exposure field by said projection optics, 
and the position of the outside of this exposure field. 

[Claim 9] The aligner which is an aligner according to claim 6 and is characterized by having the control 
unit to which said 2nd stage is moved between the location in the exposure field by said projection optics, 
and the position of the outside of this exposure field. 

[Claim 1 0] The aligner characterized by having the stage where the metering device which measures the 
condition of said exposure beam has been arranged in the aligner which imprints on a substrate the pattern 
formed in the mask using an exposure beam, and the cooling system with which this stage is equipped, and 
which cools said metering device. 

[Claim 1 1 ] The aligner characterized by having the stage where the metering device which measures the 
image formation property of said projection optics has been arranged in the aligner which projects on a 
substrate the pattern formed in the mask through projection optics, and the cooling system with which this 
stage is equipped, and which cools said metering device. 

[Claim 1 2] In the aligner which imprints on a substrate the pattern formed in the mask using an exposure 
beam The 1 st stage which holds either of said masks and said substrates, and moves in a predetermined 
field, The aligner characterized by having the heat insulation member which intercepts the heat which it is 
arranged between the 2nd stage in which the metering device which measures the condition of said exposure 
beam was carried, and said 1 st stage and said 2nd stage, and is conducted from said 2nd stage. 
[Claim 13] It is the aligner with which it is an aligner according to claim 12, and said heat insulation 
member is characterized by being the low solid material or the gas by which the temperature control was 
carried out of thermal conductivity. 
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[Claim 14] In the aligner which projects on a substrate the pattern formed in the mask through projection 
optics The 1 st stage which holds said substrate and moves in a predetermined field, and the 2nd stage in 
which the metering device which measures the image formation property of said projection optics was 
carried, The aligner characterized by having the heat insulation member which intercepts the heat which it is 
arranged between said 1st stage and said 2nd stage, and is conducted from said 2nd stage. 
[Claim 15] It is the aligner with which it is an aligner according to claim 14, and said heat insulation 
member is characterized by being the low solid material or the gas by which the temperature control was 
carried out of thermal conductivity. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] lithography for this invention to manufacture a semiconductor device, a liquid 
crystal display component, or the thin film magnetic head — it is in process, and it is used for the aligner 
equipped with the metering device for measuring a condition or an image formation property of an exposure 
beam etc. especially about the aligner used in order to imprint a mask pattern on a photosensitive substrate, 
and is suitable. 
[0002] 

[Description of the Prior Art] When manufacturing a semiconductor device etc., the projection aligner 
(stepper) of an one-shot exposure mold was conventionally used abundantly at the process imprinted on the 
wafers (or glass plate etc.) with which the pattern of the reticle as a mask was applied to the resist through 
projection optics under a predetermined exposure light. Recently, in order to imprint the pattern of the 
reticle of a large area with high precision, without enlarging projection optics, the projection aligner 
(scanning aligner) of a scan exposure mold like step - exposed by carrying out the synchronous scan of a 
reticle and the wafer to projection optics and - scanning method also attracts attention. 
[0003] In these aligners, it is always proper light exposure, and the reticle stage which positions a reticle 
since it is necessary to expose where a high image formation property is maintained, or the wafer stage 
which performs positioning of a wafer is equipped with the metering device for measuring image formation 
properties, such as conditions, such as an illuminance of exposure light, and a projection scale factor. For 
example, there is a space image detection system for measuring the exposure monitor for measuring the 
incidence energy of the exposure light to projection optics as a metering device with which the wafer stage 
is equipped, a location, contrast of a projection image, etc. On the other hand, as a metering device which it 
has on the reticle stage, there is an orientation plate with which the index mark used for image formation 
property measurement of projection optics, for example was formed. 
[0004] 

[Problem(s) to be Solved by the Invention] In the conventional aligner like the above, while rationalization 
of light exposure was attained using the metering device formed in the reticle stage or the wafer stage, the 
high image formation property was maintained. On the other hand, it is also required that the throughput 
(productivity) of the exposure process at the time of manufacturing a semiconductor device etc. should be 
raised to the latest aligner. As an approach for raising a throughput, the drive rate of a stage other than the 
approach to which the exposure energy per unit time amount is made to increase is enlarged, with an one- 
shot exposure mold, stage stepping time is shortened and there is the approach of shortening stage stepping 
time and the scan exposure time in a scan exposure mold. 

[0005] Thus, in order to raise a drive rate with the drive motor of the conversely same output as the former, 
it is necessary to miniaturize and to lightweight-ize a stage system that what is necessary is just to use the 
drive motor of an output larger when a stage system is the same magnitude in order to raise the drive rate of 
a stage. However, if the drive motor of a larger output is used like the former, the heating value generated 
from the drive motor will increase. Thus, the increasing heating value produces delicate heat deformation of 
a stage system, and has a possibility that the high positioning accuracy demanded with the aligner may no 
longer be acquired. Then, in order to prevent degradation of positioning accuracy and to improve a drive 
rate, a miniaturization and lightweight-izing are expected a stage system as much as possible like the latter. 
[0006] Especially, in the aligner of a scan exposure mold, while the scan exposure time is also shortened by 
improvement in a drive rate and a throughput is greatly improved, there is a big advantage that the 
synchronous precision of a reticle and a wafer also improves and the image formation engine performance 
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and superposition precision also improve by the miniaturization of a stage system. However, when the 
reticle stage or the wafer stage is equipped with various metering devices like before, it is difficult to 
miniaturize a stage. 

[0007] Furthermore, when the reticle stage or the wafer stage is equipped with the metering device for 
measuring a condition or an image formation property of exposure light etc., while the heat source of 
amplifier etc. is usually attached to the metering device, the temperature of the metering device rises 
gradually by the exposure of exposure light during measurement. Consequently, a reticle stage or a wafer 
stage carries out heat deformation delicately, and there is also a possibility that positioning accuracy, 
superposition precision, etc. may deteriorate. In the present condition, although degradation of the 
positioning accuracy by the temperature rise of a metering device etc. is slight, it is expected that the need of 
controlling the effect of the temperature rise of a metering device increases as circuit patterns, such as a 
semiconductor device, will make it detailed further from now on. 

[0008] This invention is in the condition which maintained the function which measures the condition or 
image formation property of exposure light in view of this point, and it sets it as the 1 st purpose to offer the 
aligner which can miniaturize the stage for positioning a reticle or a wafer. Furthermore, this invention sets 
it as the 2nd purpose to offer the aligner which can mitigate the bad influence of the temperature rise at the 
time of measuring using the metering device while it is equipped with the metering device which measures 
the condition or image formation property of exposure light. 
[0009] 

[Means for Solving the Problem] In the aligner which imprints the pattern with which the 1st aligner by this 
invention was formed in the mask (R) on a substrate (W) using an exposure beam The 1 st stage which holds 
either of the mask and its substrate, and moves in a predetermined field (RST;WST), It has the 2nd stage (5; 
14) which became independent of that 1st stage, and the metering device (6; 18) which is attached in this 
2nd stage and measures the condition of that exposure beam. 

[0010] According to this this invention, since magnitude of the 1st stage is made to necessary minimum by 
giving only the minimum function required for exposure to the 1 st stage used for original exposure, the 
miniaturization of a stage and lightweight- ization are attained. Since the metering device which there is no 
direct need in exposure and, on the other hand, measures conditions, such as an illuminance of an exposure 
beam, is carried in 2nd another stage, it can also measure the condition of an exposure beam. 
[001 1] In this case, an example of that metering device is the photoelectrical sensor which measures the 
power of the whole exposure beam, or an illuminance unevenness sensor which measures the illumination 
distribution of that exposure beam. Moreover, the 1st stage is arranged independently free [ migration ] on 
the migration side of the 1st stage, using the 2nd stage as an example. At this time, the condition of the 
exposure beam near the field where a mask or a substrate is actually arranged is measurable by arranging 
that 2nd stage instead of that 1 st stage. 

[0012] Moreover, it is desirable to have the control unit (10) to which the 1st stage is moved by Hazama of 
the location where the exposure beam is irradiated, and the location where the exposure beam is not 
irradiated. At this time, that 1 st stage shunts the exposure location of an exposure beam at the time of 
measurement. Moreover, it is desirable to have the control unit (10) to which the 2nd stage is moved by 
Hazama of the location where the exposure beam is irradiated, and the location where the exposure beam is 
not irradiated. By this, the metering device of the 2nd stage moves to the exposure location of an exposure 
beam at the time of measurement. 

[0013] Moreover, when the 1st stage is located in the location which can irradiate the exposure beam, it is 
desirable to have the control unit (10) which positions the 2nd stage in the location where the exposure beam 
is not irradiated. It is at the exposure and measurement time, and this uses two stages properly efficiently. 
Next, the 2nd aligner by this invention is set to the aligner which projects the pattern formed in the mask (R) 
on a substrate (W) through projection optics (PL). The 1st stage (WST) which holds that substrate and 
moves in a predetermined field, and its 1 st stage are equipped with the metering device (20) which is 
arranged on the 2nd independent stage (14) and this 2nd stage, and measures the image formation property 
of that projection optics. 

[0014] According to this this invention, the miniaturization of the 1st stage and lightweight-ization are 
attained by giving only the minimum function required for exposure to the 1 st stage used for original 
exposure. Since the metering device which there is no direct need in exposure and, on the other hand, 
measures image formation properties, such as distortion, is carried in 2nd another stage, it can also measure 
an image formation property. 

[0015] In this case, an example of that metering device is a position sensor, an index mark for measurement, 
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or datum level for measurement of a projection image etc. Moreover, the 1st stage is arranged independently 
free [ migration ] on the migration side of the 1st stage, using the 2nd stage as an example. At this time, the 
image formation property in the field where that substrate is actually arranged is measurable by arranging 
that 2nd stage instead of that 1 st stage. 

[0016] Moreover, it is desirable to have the control unit (10) to which that 1st stage is moved by Hazama of 
the location in the exposure field by that projection optics and the position of the outside of this exposure 
field. At this time, that 1st stage shunts an exposure field at the time of measurement. It is desirable similarly 
to have the control unit (10) to which that 2nd stage is moved by Hazama of the location in the exposure 
field by that projection optics and the position of the outside of this exposure field. At this time, the 
metering device of that 2nd stage moves to an exposure field at the time of measurement. 
[0017] Next, the 3rd aligner of this invention has the stage (41) where the metering device (18 19) which 
measures the condition of that exposure beam has been arranged, and the cooling system (44, 45A, 45B) 
with which this stage is equipped and which cools that metering device in the aligner which imprints the 
pattern formed in the mask (R) on a substrate (W) using an exposure beam. According to this this invention, 
in case the illuminance of an exposure beam etc. is measured using the metering device, even if the metering 
device carries out a temperature rise, since it is cooled by the cooling system, the effect of the temperature 
rise does not attain to the exposure section. 

[001 8] Next, the 4th aligner of this invention has the stage (41) where the metering device (20, 42, 43) 
which measures the image formation property of that projection optics has been arranged, and the cooling 
system (44, 45A, 45B) with which this stage is equipped and which cools that metering device in the aligner 
which projects the pattern formed in the mask (R) on a substrate (W) through projection optics (PL). 
According to this this invention, in case an image formation property is measured using the metering device, 
even if the metering device carries out a temperature rise, since it is cooled by the cooling system, the effect 
of the temperature rise does not attain to the exposure section. 

[0019] Next, the 5th aligner of this invention is set to the aligner which imprints the pattern formed in the 
mask (R) on a substrate (W) using an exposure beam. The 1st stage which holds either of the mask and its 
substrate, and moves in a predetermined field (WST;41 A), It is arranged between the 2nd stage (14;41 Aa) in 
which the metering device (18 19) which measures the condition of the exposure beam was carried, and its 
1st stage and its 2nd stage, and has the heat insulation member (48) which intercepts the heat conducted 
from the 2nd stage. According to this this invention, in case the illuminance of an exposure beam etc. is 
measured using the metering device, whether the metering device includes the heat source or the metering 
device carries out a temperature rise, heat conduction is checked by the heat insulation member, and the 
effect of the heat source or temperature rise does not attain to the exposure section by it. 
[0020] In this case, an example of that heat insulation member is a solid material with low thermal 
conductivity (48), or the gas by which the temperature control was carried out. The gas currently air- 
conditioned is used as a gas by which the temperature control was carried out. Next, the 6th aligner of this 
invention is set to the aligner which projects the pattern formed in the mask (R) on a substrate (W) through 
projection optics (PL). The 1st stage which holds the substrate and moves in a predetermined field 
(WST;41 A), It is arranged between the 2nd stage (14;41 Aa) in which the metering device (20) which 
measures the image formation property of the projection optics was carried, and its 1st stage and its 2nd 
stage, and has the heat insulation member (48) which intercepts the heat conducted from the 2nd stage. 
According to this this invention, whether the metering device carries out a temperature rise in case an image 
formation property is measured using the metering device, or the metering device includes the heat source, 
or since heat conduction is checked by the heat insulation member, the effect of the temperature rise etc. 
does not attain to the exposure section. 

[0021] Also in this case, an example of that heat insulation member is a solid material with low thermal 

conductivity (48), or the gas by which the temperature control was carried out. 

[0022] 

[Embodiment of the Invention] Hereafter, with reference to drawing 1 - drawing 4 , it explains per gestalt of 
operation of the 1st of this invention. Drawing 1 shows the projection aligner of step - used by this example, 
and - scanning method, and the exposure light IL injected from the illumination system 1 containing a fly 
eye lens, a quantity of light monitor, an adjustable aperture diaphragm, a field diaphragm, a relay lens 
system, etc. for the exposure light source, beam plastic surgery optical system, and illumination distribution 
equalization illuminates the lighting field of the shape of a slit of the pattern side (inferior surface of tongue) 
of Reticle R through a mirror 2 and a condensing lens 3 in this drawing 1 at the time of exposure. As an 
exposure light IL, excimer laser light, such as KrF (wavelength of 248nm) or ArF (wavelength of 193nm), 
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the higher harmonic of an YAG laser, or i line (wavelength of 365nm) of a mercury lamp can be used. By 
switching the adjustable aperture diaphragm within an illumination system 1 , it is constituted so that the 
lighting of the request of the usual lighting, zona-orbicularis lighting, the so-called deformation lighting, the 
lighting of a small coherence factor (sigma value), etc. can be chosen. When the exposure light source is a 
laser light source, the main control system 10 which carries out control control of the actuation of the whole 
equipment controls the luminescence timing etc. through a non-illustrated laser power source. 
[0023] It is reduced through projection optics PL for the projection scale factor beta (beta is 1/4 time or 1/5 
time), and the image of the pattern in the lighting field 9 (refer to drawing 3 ) by the exposure light IL of 
Reticle R is projected on the exposure field 12 of the shape of a slit on the wafer W with which the 
photoresist was applied. The Z-axis is taken in parallel with the optical axis AX of projection optics PL 
hereafter, the X-axis is taken along the non-scanning direction (namely, direction perpendicular to the space 
of drawing 1 ) which intersects perpendicularly with the reticle R at the time of scan exposure, and the 
scanning direction of Wafer W in a flat surface perpendicular to the Z-axis, and a Y-axis is taken and 
explained along a scanning direction (namely, direction parallel to the space of drawing 1 ). 
[0024] First, by the off-axis method for the alignment of Wafer W, the alignment sensor 16 of an image- 
processing method adjoins projection optics PL, and is formed, and the detecting signal of the alignment 
sensor 16 is supplied to the alignment processor in the main control system 10. The alignment sensor 16 is 
used in order to perform location detection of the mark for alignment (wafer mark) currently formed on 
Wafer W. Spacing (the amount of base lines) of the detection core of the alignment sensor 16 and the core 
of the projection image of the reticle R by projection optics PL is called for with high precision beforehand, 
and is memorized by the alignment processor in the main control system 10, and each shot field of Wafer W 
and the projection image of Reticle R pile it up with high precision from the detection result and its amount 
of base lines of the alignment sensor 16. Although not illustrated, above Reticle R, the reticle alignment 
microscope for detecting the alignment mark on Reticle R is arranged. 

[0025] Next, Reticle R is held by vacuum adsorption on a reticle stage RST, and the reticle stage RST is laid 
free [ migration in the direction of Y ] through the pneumatic bearing on guide of two 4 A arranged in 
parallel with the direction of Y, and 4B. Furthermore, in this example, the stage 5 for measurement is laid 
free [ migration in the direction of Y ] through the pneumatic bearing on guide 4A and 4B independently [ a 
reticle stage RST]. 

[0026] Drawing 3 is the top view showing a reticle stage RST and the stage 5 for measurement, and in this 
drawing 3 , along with the guides 4A and 4B extended in the direction (scanning direction) of Y, the reticle 
stage RST and the stage 5 for measurement are laid so that it may drive in the direction of Y with a non- 
illustrated linear motor etc., respectively. The die length of Guides 4A and 4B is set up for a long time by 
the width of face of the stage 5 for measurement at least rather than the migration stroke of the reticle stage 
RST at the time of scan exposure. Moreover, the reticle stage RST is constituted combining the coarse 
adjustment stage where it moves in the direction of Y, and the jogging stage which can tune a two- 
dimensional location finely on this coarse adjustment stage. 

[0027] And the orientation plate 6 which consists of a long and slender glass plate in the direction of X is 
fixed on the stage 5 for measurement, and two or more index marks IM for image formation property 
measurement of projection optics PL are formed by predetermined arrangement on the orientation plate 6. 
the lighting field 9 of the shape of a slit of exposure light [ as opposed to Reticle R in an orientation plate 6 ] 
~ more — exact — the visual field by the side of the reticle R of projection optics PL — a wrap ~ things are 
equipped with all possible magnitude. By using an orientation plate 6, since it is not necessary to prepare the 
exclusive reticle for image formation property measurement and and the swap time of the reticle R for real 
exposure and its exclusive reticle also becomes unnecessary, an image formation property can be measured 
in high frequency, and aging of projection optics PL can be followed correctly. 

[0028] Thus, in this example, the stage 5 for measurement for orientation plate 6 is formed independently, 
and the member for measurement is not carried besides Reticle R on the original reticle stage RST. That is, 
in order to equip a reticle stage RST only with necessary minimum scan and positioning function for scan 
exposure, miniaturization of a reticle stage RST and lightweight-ization are realized. Therefore, since a 
reticle stage RST can be scanned more at a high speed, the throughput of an exposure process improves, in 
contraction projection, since especially the scan speed of a reticle stage RST becomes twice [ 1/beta ] (for 
example, 4 times, 5 times, etc.) the scan speed of a wafer stage, the upper limit of a scan speed may be 
determined mostly in a reticle stage, and its throughput improves greatly especially by this example in this 
case. 

[0029] Moreover, a laser beam is irradiated by the migration mirror of the side face of the direction of +Y of 
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a reticle stage RST from laser interferometer 7Y installed in the direction of +Y to Guides 4 A and 4B. + A 
laser beam is irradiated by the migration mirror of the side face of the direction of +X of a reticle stage RST 
from the biaxial laser interferometer 7X1 installed in the direction of X, and 7X2. By laser interferometer 
7Y, 7X1, and 7X2, the X coordinate of a reticle stage RST, Y coordinate and an angle of rotation are 
measured, a measurement value is supplied to the main control system 1 0 of drawing 1 , and the main 
control system 10 controls the rate and location of a reticle stage RST through a linear motor etc. based on 
the measurement value. Moreover, a laser beam is irradiated by the migration mirror of the side face of the 
direction of -Y of the stage 5 for measurement from laser interferometer 8Y installed in the direction of -Y 
to Guides 4A and 4B, and the Y coordinate of the stage 5 for measurement measured by laser interferometer 
8 Y is supplied to the main control system 1 0. The optical axis of the laser interferometers 7Y and 8 Y of a Y- 
axis has passed through the core AX of the lighting field 9, i.e., the optical axis of projection optics PL, 
along the direction of Y, respectively, and laser interferometers 7Y and 8 Y are always measuring the 
location of the scanning direction of a reticle stage RST and the stage 5 for measurement, respectively. 
[0030] And at the time of measurement of an image formation property, a reticle stage RST is made to shunt 
in the direction of +Y, and if it moves in the direction of Y on the stage 5 for measurement so that an 
orientation plate 6 may cover the lighting field 9, a laser interferometer 7X1 and the laser beam from 7X2 
will separate from the side face of a reticle stage RST, and will come to be irradiated by the migration 
mirror of the side face of the direction of +X of the stage 5 for measurement. Based on the measurement 
value obtained from laser interferometer 8Y and 7X1, and 7X2 at this time, the main control system 10 
controls the location of the stage 5 for measurement with high precision through a linear motor etc. In 
addition, what is necessary is to form the alignment mark on the orientation plate 6 and just to detect the 
location of this mark using a reticle alignment microscope to carry out alignment of the orientation plate 6 to 
high degree of accuracy more to the lighting field 9 in this case. 

[003 1] On the other hand, although the location of the non-scanning direction of a reticle stage RST is not 
measured during measurement, if a reticle stage RST arrives at the bottom of the lighting field 9 for 
exposure, a laser interferometer 7X1 and the laser beam from 7X2 will come to be again irradiated by the 
migration mirror of a reticle stage RST. And since final alignment is performed using a reticle alignment 
microscope, there is no un-arranging [ of a laser interferometer 7X1 and the laser beam from 7X2 breaking 
off]. 

[0032] Return and Wafer W are held through a non-illustrated wafer holder at the wafer stage WST top, and 
the wafer stage WST is laid by drawing 1 free [ migration in the direction of X, and the direction of Y ] 
through the pneumatic bearing on the surface plate 13. The focal leveling device which controls the location 
(focal location) of the Z direction of Wafer W and a tilt angle is also included in the wafer stage WST. 
Moreover, the stage 14 for measurement where it had various kinds of metering devices in the direction of X 
and the direction of Y free [ migration ] through the pneumatic bearing with another object is laid in the 
wafer stage WST on the surface plate 13. The device which controls the focal location of the top face is 
included also in the stage 14 for measurement. 

[0033] Drawing 2 is the top view showing the wafer stage WST and the stage 14 for measurement, and is set 
to this drawing 2 . In the interior of the front face of a surface plate 13, a coil train is embedded in a 
predetermined array. In the base of the wafer stage WST, and the base of the stage 14 for measurement, a 
magnet train is embedded with York, respectively. A flat-surface motor is constituted by that coil train and 
the corresponding magnet train, respectively, and the location of the direction of X of the wafer stage WST 
and the stage 14 for measurement and the direction of Y and the angle of rotation are controlled by this flat- 
surface motor mutually-independent. In addition, about the flat-surface motor, it is indicated more by the 
detail, for example in JP,8-51756,A. 

[0034] The wafer stage WST of this example is equipped only with the minimum function required for 
exposure. That is, while the wafer stage WST is equipped with a focal leveling machine, on the wafer stage 
WST, two members of the wafer holder (base side of Wafer W) which carries out adsorption maintenance of 
the wafer W, and the reference mark plate 1 7 for location measurement of the wafer stage WST are being 
fixed. On the reference mark plate 1 7, the reference mark (un-illustrating) used as the datum reference of the 
direction of X and the direction of Y is formed, and the physical relationship over the projection image of 
the wafer stage WST (wafer W) R, for example, a reticle, is detected by detecting the location of this 
reference mark by the alignment sensor 16. 

[0035] Moreover, the front face of the stage 14 for measurement is set as the almost same height as the front 
face of the wafer W on the wafer stage WST. And the illuminance unevenness sensor 19 which consists of a 
photoelectrical sensor for measuring the illumination distribution in the exposure field 12 of the shape of a 
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slit by the exposure monitor 18 and the projection optics PL which consist of a photoelectrical sensor for 
measuring the energy per all unit time amount of the exposure light which passed projection optics PL 
(incidence energy), and the measurement plate 20 with which the slits 21X and 21 Y for image-formation 
property measurement were formed are being fixed to the stage 14 for measurement. A condenser lens and a 
photoelectrical sensor are arranged at the slit 21 X [ of the X-axis of the measurement plate 20 ], and base 
side of slit 21 Y of a Y-axis, respectively, and the space image detection system consists of a measurement 
plate 20, a photoelectrical sensor, etc. In addition, the edge of rectangle opening may be used instead of the 
slits 2 IX and 21 Y. And while the light-receiving side of the exposure monitor 18 is formed in wrap 
magnitude in the exposure field 12, the light sensing portion of the illuminance unevenness sensor 19 has 
become pinhole-like, and the detecting signal of the exposure monitor 1 8 and the illuminance unevenness 
sensor 19 is supplied to the main control system 10 of drawing 1 . 

[0036] Moreover, the detecting signal of the photoelectrical sensor of the pars basilaris ossis occipitalis of 
the measurement plate 20 is supplied to the image formation property operation system 1 1 of drawing 1 . in 
this case, at the time of measurement of the image formation property of projection optics PL The 
orientation plate 6 on the stage 5 for measurement by the side of the reticle of drawing 3 is moved to the 
lighting field 9. The detecting signal from the photoelectrical sensor of a pars basilaris ossis occipitalis is 
incorporated by the image formation property operation system 1 1, the image of the index mark IM 
currently formed in the orientation plate 9 being projected on a wafer stage side, and scanning the image in 
the direction of X, and the direction of Y to the slits 21 X and 21 Y on the measurement plate 20, 
respectively. By the image formation property operation system 1 1 , that detecting signal is processed, the 
location of the image of that index mark IM, contrast, etc. are detected, and it outputs to the main control 
system 10 in quest of image formation properties, such as a curvature of field of a projection image, 
distortion, and a best focus location, from this detection result. Furthermore, although not illustrated, the 
device which drives the predetermined lens within projection optics PL, and amends image formation 
properties, such as a predetermined distortion, is also established, and the main control system 1 0 is 
constituted so that the image formation property of projection optics PL can be amended through this 
amendment device. 

[0037] In drawing 2 , sources of generation of heat, such as amplifier, and the power source, and the signal 
cable for a communication link are connected to sensors, such as the exposure monitor 1 8 with which the 
stage 14 for measurement is equipped, the illuminance unevenness sensor 19, and a photoelectrical sensor of 
the pars basilaris ossis occipitalis of the measurement plate 20, by each. Therefore, when those sensors are 
carried in the wafer stage WST for exposure, there is a possibility that positioning accuracy etc. may 
deteriorate with the tension of the heat source which accompanies a sensor, or a signal cable. Moreover, the 
heat energy by the exposure of the exposure light under measurement of an image formation property etc. 
also has a possibility of causing aggravation of positioning accuracy etc. On the other hand, in this example, 
since those sensors are formed in the stage 14 for measurement separated from the wafer stage WST for 
exposure, there is an advantage to which the fall of a miniaturization and the positioning accuracy by the 
heat source of the sensor for measurement or the heat energy of the exposure light under measurement while 
being able to carry out [ lightweight ]-izing can prevent the wafer stage WST. While the passing speed and 
the controllability of the wafer stage WST improve and the throughput of an exposure process increases by 
the miniaturization of the wafer stage WST, positioning accuracy etc. improves more. 

[0038] Moreover, a laser beam is irradiated by the migration mirror of the side face of the direction of +Y of 
the wafer stage WST from laser interferometer 15Y installed in the direction of +Y to the surface plate 13. - 
A laser beam is irradiated by the migration mirror of the side face of the direction of -X of the wafer stage 
WST from the biaxial laser interferometer 15X1 installed in the direction of X, and 15X2. The X coordinate 
of the wafer stage WST, Y coordinate, and an angle of rotation are measured by laser interferometer 15Y, 
15X1, and 15X2, a measurement value is supplied to the main control system 10 of drawing 1 , and the main 
control system 1 0 controls the rate and location of the wafer stage WST by them through a flat-surface 
motor based on the measurement value. Moreover, at the time of measurement of the incidence energy of 
exposure light etc., the laser beam for those location measurement is irradiated by the migration mirror of 
the stage 14 for measurement. 

[0039] Drawing 4 The wafer stage WST at the time of measurement of the incidence energy of exposure 
light etc., And the wafer stage WST is made to shunt in the location distant from the exposure field 12, as an 
example of arrangement of the stage 14 for measurement is shown and it is shown in this drawing 4 . If it 
moves on the stage 14 for measurement so that the exposure field 12 may start on the stage 14 for 
measurement, the laser beam from laser interferometer 15Y, 15X1, and 15X2 will separate from the side 
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face of the wafer stage WST, and will come to be irradiated by the migration mirror of the side face of the 
stage 14 for measurement. Based on the measurement value obtained from laser interferometer 15Y and 
15X1, and 15X2 at this time, the main control system 10 controls the location of the stage 14 for 
measurement with high precision through a flat-surface motor. In addition, since the location of the wafer 
stage WST and the stage 14 for measurement is roughly controllable also by driving a flat-surface motor 
with open-loop, in the condition that the laser beam is not irradiated, the main control system 1 0 drives the 
location of the wafer stage WST and the stage 14 for measurement by the open loop system using a flat- 
surface motor. However, the linear encoder for detecting the location of the wafer stage WST and the stage 
14 for measurement other than laser interferometer 15Y, 15X1, and 15X2 in predetermined precision etc. is 
prepared, and location measurement may be performed in the condition that the laser beam is not irradiated, 
using those linear encoders etc. 

[0040] Although not illustrated [ return and ] to drawing 1 , in the side face of projection optics PL, a slit 
image is aslant projected on two or more measure points of the front face of Wafer W, and the focal location 
detection system (AF sensor) of an oblique incidence method which detects the focal location of the 
measure point which corresponds from the amount of strike slips of the slit image in which re-image 
formation is carried out by the reflected light is arranged. Based on the detection result of the focal location 
detection system, the front face of the wafer W under scan exposure focuses to the image surface of 
projection optics PL. In addition, although omitted in drawing 2 , on the stage 14 for measurement, the 
criteria member which has the datum level for the focal location detection systems is also carried. 
[0041] Next, it explains per actuation of the projection aligner of this example. First, the amount of incident 
light of the exposure light IL to projection optics PL is measured using the stage 14 for measurement by the 
side of a wafer stage. In this case, in order to measure the amount of incident light in the condition that 
Reticle R was loaded, in drawing 1 , the reticle R for exposure is loaded on a reticle stage RST, and Reticle 
R moves onto the lighting field of the exposure light IL. Then, as shown in drawing 4 , on a surface plate 13, 
it shunts in the direction of +Y and the stage 14 for measurement moves toward the exposure field 12 by 
projection optics PL on the wafer stage WST. Then, the stage 14 for measurement stops [ the light-receiving 
side of the dose monitor 18 on the stage 14 for measurement ] the exposure field 12 in a wrap location, and 
the quantity of light of the exposure light IL is measured through the dose monitor 1 8 in this condition. 
[0042] By the main control system 1 0, the measured quantity of light is supplied to the image formation 
property operation system 1 1 . under the present circumstances, it is alike, for example, the measurement 
value which detects the flux of light acquired from the exposure light IL by branching within an illumination 
system 1 , and is obtained is also supplied to the image formation property operation system 1 1 , and the 
multiplier for calculating indirectly the quantity of light which carries out incidence to projection optics PL 
is computed and memorized by the image formation property operation system 1 1 based on two 
measurement values from the quantity of light by which a monitor is carried out within an illumination 
system 1 . In the meantime, Wafer W is loaded to the wafer stage WST. Then, as shown in drawing 2 , the 
stage 14 for measurement shunts in the location distant from the exposure field 12, and migration of the 
wafer stage WST is performed so that the core of the wafer W on the wafer stage WST may be located near 
optical-axis AX (core of the exposure field 12) of projection optics PL. While the wafer stage WST is 
shunting, as shown in drawing 4 , since the laser beam from laser interferometer 15Y, 15X1, and 15X2 is 
not irradiated, position control is performed by driving a flat-surface motor by the open loop system. 
[0043] Then, when the stage 14 for measurement shunts the exposure field 12 and the laser beam from laser 
interferometer 15Y, 15X1, and 15X2 came to be irradiated by the wafer stage WST, the location of the 
wafer stage WST comes to be controlled based on the measurement value of those laser interferometers. 
Then, using the reticle alignment microscope of Reticle R which is not illustrated [ upper ], alignment of 
Reticle R is performed by driving a reticle stage RST so that the amount of location gaps of the 
predetermined alignment mark on Reticle R and the predetermined reference mark on the reference mark 
member 17 of drawing 2 may be made into predetermined desired value. The physical relationship (the 
amount of base lines) over the projection image of the reticle R of the wafer stage WST is correctly detected 
by detecting the location of another reference mark on the reference mark member 1 7 by the alignment 
sensor 16 of drawing 1 to coincidence mostly with this. 

[0044] Next, the array coordinate of each shot field of Wafer W is searched for by detecting the location of 
the wafer mark attached to the predetermined shot field on Wafer W (sample shot) through the alignment 
sensor 16. Then, scan exposure is performed, performing alignment of the shot field for [ of Wafer W ] 
exposure, and the pattern image of Reticle R based on the array coordinate and the known amount of base 
lines of the alignment sensor 16. 
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[0045] Synchronizing with Reticle R being scanned at a rate VR in the direction (or the direction of -Y) of 
+Y through a reticle stage RST in drawing 1 to the lighting field 9 (referring to drawing 3 ) of the exposure 
light IL at the time of scan exposure, Wafer W is scanned by rate beta-VR (beta is a projection scale factor) 
in the direction of -X (or the direction of +X) through the wafer stage WST to the exposure field 12. It is 
because projection optics PL projects a reversal image that a scanning direction is reverse. And after the 
exposure to one shot field is completed, the next shot field moves to a scan starting position, and exposure to 
each shot field is hereafter performed one by one by stepping of the wafer stage WST by step - and - 
scanning method. As shown during this scan exposure at drawing 2 and drawing 3 , the stage 14 for 
measurement by the side of a wafer stage and the stage 5 for measurement by the side of a reticle stage have 
shunted outside an exposure field, respectively. 

[0046] During exposure, the quantity of light of the flux of light which branched from the exposure light IL 
for example, within the illumination system 1 is always measured, and the image formation property 
operation system 1 1 is supplied. Moreover, by the image formation property operation system 1 1 The 
measurement value of the quantity of light supplied and the quantity of light of the exposure light IL which 
carries out incidence to projection optics PL based on the multiplier for which it has asked beforehand are 
computed. The variation of the image formation properties (a projection scale factor, distortion, etc.) of the 
projection optics PL generated by absorption of the exposure light IL is calculated, and this count result is 
supplied to the main control system 1 0. By the main control system 1 0, the image formation property is 
amended by driving the predetermined lens within projection optics PL, for example. 

[0047] Although the above is the usual exposure, when measuring a device status by the maintenance of the 
projection aligner of this example etc., it measures by moving the stage 14 for measurement to the exposure 
field 12 side. For example, when measuring the illuminance homogeneity in the exposure field 12, after 
removing Reticle R from a reticle stage RST, illumination distribution is measured in drawing 4 , moving 
the illuminance unevenness sensor 19 slightly in the direction of X, and the direction of Y in the exposure 
field 12. In this case, as long as it is necessary to ask accuracy for the location of the stage 14 for 
measurement more, the reference mark member which is equivalent to the reference mark member 1 7 like 
the wafer stage WST is prepared on the stage 14 for measurement, and you may make it measure the 
location of the reference mark in that reference mark member by the alignment sensor 16. 
[0048] Next, it explains per [ which measures image formation measurement of projection optics PL ] 
actuation using the stage 5 for measurement by the side of a reticle stage, and the stage 14 for measurement 
by the side of a wafer stage. In this case, in drawing 3 , a reticle stage RST shunts in the direction of +Y, and 
the orientation plate 6 on the stage 5 for measurement moves into the lighting field 9 in it. In order for the 
laser interferometer 7X1 of a non-scanning direction and the laser beam from 7X2 to also be irradiated by 
the stage 5 for measurement at this time, based on the measurement value of laser interferometer 8Y, 7X1, 
and 7X2, the location of the stage 5 for measurement can be positioned with high precision. 
[0049] At this time, as already explained, the image of two or more index marks IM is projected on a wafer 
stage side through projection optics PL. In this condition, the location of those images and contrast are 
searched for in drawing 4 by driving the stage 14 for measurement, scanning the image of that index mark 
IM in the direction of X, and the direction of Y to the slit on the measurement plate 20, and processing the 
detecting signal of the photoelectrical sensor of the pars basilaris ossis occipitalis of the measurement plate 
20 by the image formation property operation system 11. Moreover, the location of those images and 
contrast are searched for, changing the focal location of the measurement plate 20 the specified quantity 
every. From these measurement results, the image formation property operation system 1 1 calculates the 
amount of fluctuation of image formation properties, such as a best focus location of the projection image of 
projection optics PL, a curvature of field, and distortion (a scale-factor error is included). When this amount 
of fluctuation is supplied to the main control system 10 and that amount of fluctuation exceeds tolerance, the 
main control system 10 amends the image formation property of projection optics PL. 

[0050] With the gestalt of the above-mentioned operation, as shown in drawing 2 , the wafer stage WST and 
the stage 14 for measurement are driven by the flat-surface motor on the surface plate 13, respectively. 
However, the configuration which drives the wafer stage WST and the stage 14 for measurement two- 
dimensional with the combination of a 1 -dimensional motor is also possible. Then, with reference to 
drawing 5 , it explains about the gestalt of the 2nd operation which drives a wafer stage and the stage for 
measurement next by the device which combined the 1 -dimensional motor, respectively. This example also 
applies this invention to the projection aligner of step - and - scanning method, gives the same sign to the 
part corresponding to drawing 1 and drawing 2 in drawing 5 , and the detail explanation is omitted. 
[0051] The long and slender Y-axis linear guide 32 is installed in the direction (scanning direction) of Y so 
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that the top view and drawing 5 (b) which show the wafer stage side of the projection aligner of this 
example are the front view, the X-axis linear guides 34A and 34B of two may be installed in the top face of 
a surface plate 33 in parallel along the direction of X and drawing 5 (a) may connect the X-axis linear guides 
34A and 34B in drawing 5 (a) and (b). The Y-axis linear guide 32 is driven in the direction of X along with 
the X-axis linear guides 34A and 34B with a non-illustrated linear motor. 
[0052] Moreover, along with the Y-axis linear guide 32, the wafer stage 31 and the stage 35 for 
measurement are arranged free [ migration ] and mutually-independent in the direction of Y, respectively, 
on the wafer stage 3 1 , adsorption maintenance of the wafer W is carried out through a non-illustrated wafer 
holder, the exposure monitor 18, the illuminance unevenness sensor 19, and the measurement plate 20 are 
fixed on the stage 35 for measurement, and the photoelectrical sensor is incorporated by the pars basilaris 
ossis occipitalis of the measurement plate 20. In this case, the base of the wafer stage 31 and the stage 35 for 
measurement is laid on a surface plate 33 through a pneumatic bearing, respectively, and the wafer stage 31 
and the stage 35 for measurement are independently driven in the direction of Y along with the Y-axis linear 
guide 32 through a non-illustrated linear motor, respectively. That is, the wafer stage 31 and the stage 35 for 
measurement are independently driven two-dimensional along with the Y-axis linear guide 32 and the X- 
axis linear guides 34A and 34B, respectively. And also in this example, the two-dimensional location of the 
wafer stage 3 1 and the stage 35 for measurement is measured, and the location and drive rate of the wafer 
stage 3 1 and the stage 35 for measurement are controlled by the same laser interferometer of four shafts as 
laser interferometer 7Y by the side of the reticle stage of drawing 3 , 7X1, 7X2, and 8Y based on this 
measurement result. Other configurations are the same as that of the gestalt of the 1 st operation. 
[0053] In this example, in case the exposure energy of exposure light or the image formation property of 
projection optics is measured, the wafer stage 31 shunts in the location left in the direction of -Y to the 
exposure field by exposure light, and the stage 35 for measurement moves to the exposure field. On the 
other hand, the stage 35 for measurement shunts in the location left in the direction of +Y to the exposure 
field by exposure light at the time of exposure. Then, after making stepping of the wafer stage 31 carry out 
in the direction of X, and the direction of Y and moving the shot field for [ on Wafer W ] exposure to the 
scan starting position to an exposure field, scan exposure to the shot field concerned is performed by 
carrying out constant- speed migration of the wafer stage 3 1 in the direction of Y along with the Y-axis 
linear guide 32. 

[0054] According to this example, along with the Y-axis linear guide 32, the stage 35 for measurement is 
arranged independently [ the wafer stage 31 ] as mentioned above. By this configuration, by the drive of the 
scanning direction (the direction of Y) where the control precision of a higher stage is demanded, while not 
driving the stage 35 for measurement, a miniaturization and since it is lightweight-ized, the wafer stage 3 1 
can improve a scan speed and its synchronous precision at the time of scan exposure etc. is improving. On 
the other hand, since the stage 35 for measurement is also driven to coincidence to a non-scanning direction 
(the direction of X), the load to a drive becomes large. However, since so high control precision is not 
required compared with a scanning direction, the effect of an increment of such a load is small in a non- 
scanning direction. Furthermore, since the stage 35 for measurement as a source of generation of heat is 
separated from the wafer stage 31, the fall of the positioning accuracy of the wafer stage 31 etc. is 
prevented. 

[0055] In addition, in this example, as a two-dot chain line shows, the 2nd Y-axis linear guide 36 may be 
arranged free [ migration in the direction of X ] to the Y-axis linear guide 32 and juxtaposition at drawing 5 
(a) and (b), and the stage 35 for measurement may be arranged free [ migration in the direction of Y ] to this 
Y-axis linear guide 32. By this, the control precision at the time of driving the wafer stage 31 in the direction 
of X also improves. 

[0056] Moreover, although the reticle stage RST and the stage 5 for measurement are arranged along with 
the same guides 4 A and 4B as shown in drawing 3 , you may enable it to move independently a reticle stage 
RST and the stage 5 for measurement by the gestalt of the 1 st operation of the above two-dimensional like 
the wafer stage side of drawing 2 . Furthermore, although the wafer stage WST in which Wafer W is laid, 
and one 3 1 are prepared with the gestalt of the above-mentioned operation, respectively, two or more wafer 
stages in which Wafer W is laid may be prepared. In this case, it can expose on one wafer stage and the 
approach of performing the measurement or wafer exchange for alignment on the wafer stage of another 
side can also be used. Similarly two or more reticle stages where Reticle R is laid also in a reticle stage side 
are prepared, and a reticle which is different in the reticle stage of these plurality is laid, and exposure 
conditions (a focal location, light exposure, lighting conditions, etc.) are changed into the same shot field on 
a wafer one by one, and you may make it expose these reticles. 
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[0057] Next, with reference to drawing 6 and drawing 7 , it explains per gestalt of operation of the 3rd of 
this invention. This example forms the cooling system which cools the metering device formed in the wafer 
stage, gives the same sign to the part corresponding to drawing 1 and drawing 2 in drawing 6 and drawing 
7 , and omits the detail explanation. Drawing 6 shows the projection aligner of this example, in this drawing 
6 , Wafer W is arranged at the exposure field 12 side by projection optics PL, and Wafer W is held on the 
wafer stage 41 through a non-illustrated wafer holder, and the wafer stage 41 is laid so that it may drive in 
the direction of X, and the direction of Y for example, by the flat-surface motor on a surface plate 13. 
Although not illustrated, in the wafer stage 41 , the device which controls the focal location of Wafer W and 
a tilt angle is also incorporated. Furthermore, the measuring machine style of the exposure light IL and an 
image formation property is included in the wafer stage 41 so that Wafer W may be surrounded. 
[0058] Drawing 7 shows the top view of the wafer stage 41 of drawing 6 , and the reference mark member 
17, the exposure monitor 18, the illuminance unevenness sensor 19, and the measurement plate 20 with 
which Slits 21X and 21 Y were formed are arranged near the wafer W (wafer holder) in this drawing 7 . 
Moreover, matching of the illuminance between different projection aligners can be taken now by forming 
the crevice 47 for installing the criteria illuminometer carried and made near the exposure monitor 1 8, 
installing a criteria illuminometer in a crevice 47, and measuring the incidence energy of the exposure light 
IL on the wafer stage 41 . Furthermore, the criteria member 46 by which the base plane used as criteria, such 
as display flatness, was formed in a corner on the wafer stage 41 is also being fixed. In this example, the 
cooling system for cooling the heat source of these measuring machine styles is formed. 
[0059] That is, amplifier etc. is connected to the photoelectrical sensor 43, although the condenser lens 42 
and the photoelectrical sensor 43 have been arranged at the pars basilaris ossis occipitalis of slit 21 Y of the 
measurement plate 20 and it did not illustrate, as a part was cut to drawing 6 and was lacked and shown in it. 
Then, a cooling pipe 44 is installed so that it may pass near the photoelectrical sensor 43 inside the wafer 
stage 41, the refrigerant which becomes a cooling pipe 44 from an external cooling system from a low- 
temperature liquid through piping 45A which has big flexibility is supplied, and the refrigerant which passed 
through the inside of piping 45 A is returned to the cooling system through piping 45B which has big 
flexibility. Moreover, the cooling pipe 44 has also passed the pars basilaris ossis occipitalis of the crevice 47 
for criteria illuminometers, the reference mark member 17, and the criteria member 46 in the list near the 
exposure monitor 18 of drawing 7 , and the illuminance unevenness sensor 19. In this example, since the 
heat energy from the heat source of the amplifier of these metering devices etc. is discharged through the 
refrigerant in a cooling pipe 44, the positioning accuracy of Wafer W etc. does not get worse with the heat 
energy. Moreover, even when the exposure light IL is irradiated by the exposure monitor 1 8 and the 
illuminance unevenness sensor 19 at the time of measurement of the incidence energy of the exposure light 
IL etc., since the exposure energy is discharged through the refrigerant in a cooling pipe 44, the positioning 
accuracy of Wafer W etc. does not get worse with the exposure energy. 

[0060] In addition, although the metering device is cooled in this example using the refrigerant which 
consists of a liquid, you may cool by ventilating the air for air-conditioning etc. intensively near those 
metering devices, for example. Next, with reference to drawing 8 , it explains per gestalt of operation of the 
4th of this invention. This example prepares a heat insulation member on a wafer stage between the 
arrangement field (the 1 st stage) of a wafer, and the arrangement field (the 2nd stage) of a metering device, 
gives the same sign to the part corresponding to drawing 7 in drawing 8 , and omits the detail explanation. ' 
[0061] Drawing 8 showed wafer stage 41 A which drives a surface plate top as well as the wafer stage 41 of 
drawing 7 in the direction of X, and the direction of Y, and the upper part of wafer stage 41 A is divided into 
metering-device installation field 41 Aa and the other field in this drawing 8 with the heat insulation plate 48 
which consists of an ingredient with low thermal conductivity. As an ingredient with the low heat 
conductivity, metals, such as stainless steel, iron, and brass, the ceramics, or glass can be used. And while 
Wafer W is laid through a wafer holder (un-illustrating) on the latter field, the reference mark member 1 7 
used as a datum reference is installed, and reference mark member 1 7A by which the mark used as a datum 
reference was formed in the former metering-device installation field 41Aa, the exposure monitor 18, the 
illuminance unevenness sensor 1 9, the criteria member 46 that has a base plane, and the measurement plate 
20 with which the slit was formed are arranged. Furthermore, on metering-device installation field 41 Aa, the 
crevice 47 for installing a criteria illuminometer is formed. 

[0062] In this example, although the metering device in metering-device installation field 41 Aa is used at 
the time of measurement of exposure light or an image formation property, since it is hard to diffuse the heat 
energy generated with the amplifier of these metering devices etc. with a heat insulation plate 48 in Wafer 
W side, the positioning accuracy of Wafer W etc. does not get worse. Similarly, the exposure energy given 
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by exposure light at the time of measurement also has the advantage which is hard to diffuse in Wafer W 
side with a heat insulation plate 48. 

[0063] In addition, as shown, for example in drawing 2 , the configuration which the wafer stage WST and 
the stage 14 for measurement have separated can also consider that the air by which Hazama of the wafer 
stage WST and the stage 14 for measurement was air-conditioned is a heat insulation member. Moreover, 
you may make it a reticle stage side also arrange a heat insulation member between the field in which a 
reticle is laid, and the field in which a metering device is installed. 

[0064] Moreover, although the gestalt of the above-mentioned operation applies this invention to the 
projection aligner of step - and - scanning method, this invention is applicable also to the aligner of the pro 
squeak tee method which does not use projection optics while it is applicable also to the projection aligner 
(stepper) of an one-shot exposure mold. Moreover, you may use for the test equipment which uses the stage 
for positioning not only an aligner but a wafer etc., or repair equipment. 

[0065] Thus, this invention is not limited to the gestalt of above-mentioned operation, but can take 
configurations various in the range which does not deviate from the summary of this invention. 
[0066] 

[Effect of the Invention] Since the 2nd stage equipped with the metering device to the 1st stage for moving a 
mask or a substrate is prepared independently according to the 1st or 2nd aligner of this invention, the 
condition of an exposure beam (exposure light), or where the function which measures the image formation 
property of projection optics is maintained, there are a miniaturization and an advantage which can carry out 
[ lightweight ]-izing about the stage for positioning a mask or a substrate, respectively. Therefore, while the 
controllability ability of these stages can be improved and the throughput of an exposure process also 
improves, the heat source of the photoelectrical sensor which constitutes a metering device, or amplifier will 
be separated from the stage for exposure, and superposition precision etc. improves. If especially this 
invention is applied to the aligner of a scan exposure mold like step - and - scanning method, since a 
throughput will improve greatly by improvement in a scan speed, especially the effectiveness of this 
invention is large. 

[0067] When the 2nd stage is arranged independently free [ the 1 st stage ] for migration in these cases, the 
1 st stage can be quickly moved to a measurement field. Moreover, when it has the control device to which 
the 1 st stage is moved by Hazama of the location (exposure field) where an exposure beam is irradiated, and 
the location (non-exposing field) where an exposure beam is not irradiated, the 1st stage can be quickly' 
shunted at the time of measurement. 

[0068] Moreover, when it has the control device to which the 2nd stage is moved by Hazama of the location 
(exposure field) where an exposure beam is irradiated, and the location (non-exposing field) where an 
exposure beam is not irradiated, the 2nd stage can be quickly shunted at the time of exposure. Moreover, 
when it has the control device which positions the 2nd stage in the location where an exposure beam is not 
irradiated when the 1 st stage is located in the location which can irradiate an exposure beam, these two 
stages can be used properly efficiently. 

[0069] Next, since it has the cooling system which cools a metering device according to the 3rd or 4th 
aligner of this invention, the bad influence of the temperature rise at the time of measuring the condition of 
an exposure beam or the image formation property of projection optics can be mitigated, and there is an 
advantage positioning accuracy and whose superposition precision improve. Moreover, according to the 5th 
or 6th aligner of this invention, since it has the heat insulation member between two stages, the bad 
influence of the temperature rise at the time of measuring the condition of an exposure beam or the image 
formation property of projection optics can be mitigated, and there is an advantage positioning accuracy and 
whose superposition precision improve. 

[0070] Moreover, when the heat insulation member is a solid material with the low heat conductivity, while 
these two stages can be driven as one, when the heat insulation member is the gas by which the temperature 
control was carried out, the effectiveness of a miniaturization of the 1 st stage is also acquired. 
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[The 7th edition of International Patent Classification] 

H01L 21/027 
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[FI] 

H01L 21/30 516 B 

G03F 7/20 521 

H01L 21/30 516 C 

H01L 21/30 518 

[Procedure revision] 

[Filing Date] November 4, Heisei 16 (2004. 1 1.4) 

[Procedure amendment 1 ] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[The contents of amendment] 

[Claim(s)] 

[Claim 1] 

In the aligner which imprints on a substrate the pattern formed in the mask using an exposure beam, 
The 1 st stage which holds either of said masks and said substrates, and moves in a predetermined field, 
The 2nd stage which became independent of said 1 st stage, 

The aligner characterized by having the metering device which is attached in this 2nd stage and measures 
the condition of said exposure beam. 
[Claim 2] 

It is an aligner according to claim 1, 

For said 1st stage, said 2nd stage is an aligner characterized by being arranged independently free 
[ migration ]. 
[Claim 3] 

It is an aligner according to claim 1, 

The aligner characterized by having the control unit to which said 1 st stage is moved between the location 
where said exposure beam is irradiated, and the location where said exposure beam is not irradiated. 
[Claim 4] 

It is an aligner according to claim 2, 

The aligner characterized by having the control unit to which said 2nd stage is moved between the locations 
where the location where said exposure beam is irradiated, and said exposure beam are not irradiated. 
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[Claim 5] 

It is an aligner according to claim 1 , 

The aligner characterized by having the control unit which positions said 2nd stage in the location where 
said exposure beam is not irradiated when said 1st stage is located in the location which can irradiate said 
exposure beam. 
[Claim 6] 

In the aligner which projects on a substrate the pattern formed in the mask through projection optics, 
The 1 st stage which holds said substrate and moves in a predetermined field, 
The 2nd stage which became independent of said 1 st stage, 

this ~ the aligner characterized by having the metering device which is arranged on the 2nd stage and 
measures the image formation property of said projection optics. 
[Claim 7] 

It is an aligner according to claim 6, 

For said 1 st stage, said 2nd stage is an aligner characterized by being arranged independently free 
[ migration ]. 
[Claim 8] 

It is an aligner according to claim 6, 

The aligner characterized by having the control unit to which said 1 st stage is moved between the location in 
the exposure field by said projection optics, and the position of the outside of this exposure field. 
[Claim 9] 

It is an aligner according to claim 6, 

The aligner characterized by having the control unit to which said 2nd stage is moved between the location 
in the exposure field by said projection optics, and the position of the outside of this exposure field 
[Claim 10] 

In the aligner which imprints on a substrate the pattern formed in the mask using an exposure beam, 
The stage where the metering device which measures the condition of said exposure beam has been 
arranged, 

The aligner characterized by having the cooling system which is formed in this stage and cools said 
metering device. 
[Claim 11] 

In the aligner which projects on a substrate the pattern formed in the mask through projection optics, 

The stage where the metering device which measures the image formation property of said projection optics 

has been arranged, 

The aligner characterized by having the cooling system with which this stage is equipped, and which cools 
said metering device. 
[Claim 12] 

In the aligner which imprints on a substrate the pattern formed in the mask using an exposure beam, 
The 1 st stage which holds either of said masks and said substrates, and moves in a predetermined field, 
The 2nd stage in which the metering device which measures the condition of said exposure beam was ' 
carried, 

The aligner characterized by having the heat insulation member which intercepts the heat which it is 
arranged between said 1 st stage and said 2nd stage, and is conducted from said 2nd stage. 
[Claim 13] 

It is an aligner according to claim 12, 

Said heat insulation member is a solid material with low thermal conductivity, or an aligner characterized by 
being the gas by which the temperature control was carried out. 
[Claim 14] 

In the aligner which projects on a substrate the pattern formed in the mask through projection optics, 
The 1 st stage which holds said substrate and moves in a predetermined field, 

The 2nd stage in which the metering device which measures the image formation property of said projection 
optics was carried, 

The aligner characterized by having the heat insulation member which intercepts the heat which it is 
arranged between said 1 st stage and said 2nd stage, and is conducted from said 2nd stage. 
[Claim 15] 

It is an aligner according to claim 14, 

Said heat insulation member is a solid material with low thermal conductivity, or an aligner characterized by 
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being the gas by which the temperature control was carried out. 
[Claim 16] 

In the aligner of nine given in any 1 term from claim 1 , 

Said 2nd stage is an aligner characterized by having the criteria member used as the criteria of the location 
of this 2nd stage. 
[Claim 1 7] 

In an aligner according to claim 1 0 or 1 1 , 

Said stage is an aligner characterized by having the criteria member used as the criteria of the location of 
this stage. 
[Claim 1 8] 

In an aligner according to claim 6, 

It is the aligner characterized by being measured by the interferometer with common location of said 1 st 

stage and location of said 2nd stage into the exposure field by said projection optics. 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 002 1 

[Method of Amendment] Modification 

[The contents of amendment] 

[0021] 

Also in this case, an example of that heat insulation member is a solid material with low thermal 
conductivity (48), or the gas by which the temperature control was carried out. 

Moreover, in the 1 st and 2nd aligners of this invention, if it has the criteria member from which that 2nd 
stage (14) serves as criteria of the location of this 2nd stage, it can ask for the location of this 2nd stage 
correctly. 

If similarly it has the criteria member from which a stage (14) serves as criteria of the location of this stage 
in the 3rd and 4th aligners of this invention, it can ask for the location of this stage correctly. 
Moreover, in the 2nd aligner of this invention, if the location and the location of the 2nd stage (14) of the 1st 
stage (WST) are measured by the common interferometer (15) in the exposure field by the projection optics 
(PL), while being able to ask for the location and the location of the 2nd stage of the 1st stage correctly, an 
equipment configuration can be simplified. 
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7f-i/*5^1I?ntt^ 0 *VH4A, 4B©fi£ 

- * <fc D & s '>& < 1 1, fti'Jffl 7, x- 5 ©Bfl^ttS 
<^?nt^5. Sfc, U*-*;1/Xf— ^"R S Tt±, 

[00 2 7] -?"LT> JHHfflXf— v ; 5±tX73lfi]tlffl 
S«S{cttW-p*» tSUft^&P L©ig«fSfbfciE»fc 

[0028] c©«fc5fc*wett, mmmmmmm 

R ST±(cti, L/^^;l/R©ffi(cItSiJffl©g|5W{im«c$ 

m^tm^itib. i/f^/wf-^'R s t©/j«s 
±-rs 0 

[00 2 9] tfc, *V F4 A, 4 B fcftLT + Y7j|n] 
S T©+ Y^(S]©HJffi©^»)^tC l/-flf-A«? 

+X7?rS](ci5B$nfc2W©u— *f=p»ffh7 x 1 . 

7 X 2frti>l> : ?-t'>l7>7—i/R S T©+X#|p]CQ(IM© 
&WMHCI"-' tflf-A*W$n, U— »f=F*pt 7 Y , 
7X1, 7 X 2&c c fcoTL'^;l/7 > r-> ? R S T©Xffi 

A, Yffi«, at/ EmEft^ttiMsn, itawfi^ia 1 ©± 
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wmk i o n, £.om% i ott^oH-Mnma 
(Dm&wsiMZMntZo *vk4a, 4bew 

LT- Y^lRlEBfiSnfc U— tfTSHt 8 Y *»6*HWffl 
Xf-'>* 5 ©- YftffloMBO&ftttE U-lf fcT-Atf 
!Sftf * I/— If 8 Y E J: o T m\ 2 ft § tHMffl 

YttOU-if=FiS»tt7Y&tf8YO)tim4, ^IVfftY 

ftttAX^jljgLTfcy, U— »f=F8»W-7 Y&tf8 Y 10 

ti> ftifnf^i/f^;i/Xf->*R s T&y'stSi|fflx 

[0 0 3 0] *LT\ e»«Ptt«5ff-JW«pK, U*-*/l/7 
7R S T£+ Y#|«iJfc8rjB;£-£T\ S¥«6«£ 
HW 9 *m o «}: a fcffiMffl 7 r - 5> 5 * Y £ fa fc * 
U— <f TJMf 7 X 1 . 7X2^P>(DU-1fe-i» 
tfl/f^;Wr-^R S T©fJffifr5>ftftTft$jffl7,T 
—7 5 ©+X^lR|©fllB50SP|M»KBai*sns <fc 5 E& 
§ 0 £<Q££Eb-inFMt8 Y&tf7 X 1, 7X2fr 

6.t#e>n5ttfflfi(cs-^^T, ±*mi3Ri oi*y-7t 20 

- L T Itfflffl 7. r - 5 <D{4B%iltfSJt E8i« 

t5 0 4*, C0|Rfc:SiPS6%!HW««9fcWLrJ: 
0 as»£fcttB£fc-fr L fc t ^S£fc S¥1S 6 ±E7 

[0 0 3 1 ] ttjffjppfcfi, l/f-^yl/Xf-^'R S 
TCDl^473lRl©{fi[B{±tH»Jtn*t>A^ Btt©fci6t 

Xf V-*f=fm\ 7X1, 7 X 2 *^ 6 © U— If tf-Atf U 
fi'^Xf-^R S TO»»«K:figl**nS *5E* 30 
?>„ ^LT> S£*W£{itB£*Hite 1^^1/77^7 
hSBfcfcffll^TfrfcftSfcik U-1f TSffl- 7 X 1 . 
7X2fr"=><Dl^— VV-L.tr&tytlZCtCD^'&im 

[0 0 3 2] Hi EM0> 7X/\Wf±^l2^<D9XM* 
;l/^/MT^XAXf-i/*WS T±lcM2n> 7X 
AXf->"WSTBa 1 3±iCX7- ^7U VVWt 
LTX^fa, Y#fiE&S)gffiEfai£ftTl^o 7X 
AXf-^WSTCti, ^X^WiDZ^lPjCDfiB (7* 
-*XfiB) , Stf«*WI*fflW'r57*-#7 • 40 

x/N^x-v^W S T t{igiJ<*'r-x7-^7 U 7^£}>L 

ftfctHMfflX-r- 5> 1 4tfttBSft"CV3. tHBfflXr 

$#ll&iA3;ftT^3 0 

[0 0 3 3] H2fi, ■?iyUf->*WST 1 RtftHM 
fflXf-^14^t¥I0T'fet), COH2t*^ 
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ftfflijfflxr-^ i 4 (DiiEtca^n^nH-^ ttttfiK 
fcfcoT-tftWpffi*— *##f$£ft> coto- 

HWBB¥8-5 1 7 5 6^&fgE43I^TJ: OSMiEP^ 
[0 0 3 4] ^fflJcD^XMXx-v'WS BftE& 

-5>WSTtt, 7*- £7 • U'S 'J 
(C % -JlAXf-yWS T±fctt, ">x/\W*«*fi!# 
■fS^X/v*;^' (9XMW©jgffiHlJ) 9X/\7.f 
—7WS TcDfifil+ffliJffl^a^v-^S 1 7fciD2O(0 

gpwa^snri^o a^T-^si 7±e«, x# 

Ift, RD"Y73l6]C0{fiB8*i;45a¥-7-^ 
tfflM£ftT*5D, CcDS*Pv-^(DfiB^77-r^> 
H»y*f 1 GT^mt^CtiCH^X, >7XAXf-y 
WST (9XMW) <Dm*.!,fls?-?)lR<D&&mcttt 
S(4BiB«**ttttSnSo 

[0 0 3 5] tHBOT7r-s>i 4©gffi&, -7X 
/N7r-^WS T±©"i7x/NW<D^ffii:(Siri^i;iS${c 
■BESftT^*. ^bT, ffffliJffl7r—7 1 4 Eli, g 

57 y y h«oBjt«« i 2 rtT-^isg^^n-sij-rs 

BWrttiW^fflO^ U v h 2 l X, 2 l YjW&SSnfciflfl 

3£S2 O^H^nTI/^o M^S2 0©X«|CDxy y 
h 2 l X, Sa*YttOXy «y h 2 1 YOlSffiiJEti^n 

fni)ti/yx, atmtt-feytwBEB^n, ma^ts 2 

So f©7'Jy h 2 1 X, 2 1 YOttfryic, 5€ 
friP©X7i??:j$fflUTt)J:^. fLT v B*Hit- 
9 1 8©gftB«u BftBttl 2*«5***(c}gi«S 
n*i:«fc, ^Jgt?6-t>-y 1 9 ©SJtati if 
t>;ii4oTte^, it**ex*i 8&tf!HBty6-b>-9- 

1 9©^tti{s^«0 1 <m.mm% 1 oicw&snt^ 

[0036] ttc, mfem 0 o/gg|5©^«-t y-y-co^ 
ttB^fiH 1 1 1 t«*&$nr^5o 

SKJt^P LOISBWfttoW-WWfEfi, S 

3 <o\si->7 >mmm\mx7—v 5 6 *<bbw 
B«9E»»*n, #P«9fc«jssnTv*ig«v- 

SiJ«2 0±<D7'J 7h2 IX, 2 1 YT'^-n^nX^ 
Ink Y7?|6]E^4UOO, jStfOyfiB-fe^A^OtttB 

ffl^^^##14iS*^ 1 1 t?a?y iity 0 

1 IT'Mu *OftaB#*«iaLT*OiiBv-^ I M 



(7) 



11 



•*-«„ mk, *h*t-**#, p l rtorn^ 

[00 3 7] H2 Kfcl^T, 8t«i|fflXr-i/* 1 4 fcfll*. 

stiTi/^fiaiMt-* i 8, m&tsttyvi 9s & 10 
>wwts*iT^*o for, *n6©-fe>"0-tf»tffi0 

ItPlfflXf— »>*1 4K»ttenTV^Sfc», fXAXf 20 
-5>WST*/hStfb, IHMtT?tSi:#K:, ItSiJfflcD-fe 

y-f-^^M^ttawos^^x^;!/^- ic x % im 

^WST(D/h§y{bfC«fcoT, •)iAXf-^WST©g 

[0 0 3 8] Sfc, S«l 3(cWLT + Y73lS](C^B$ 
ftfc U— tf ,z Fi$It 1 5 YfrE» l >lAXf-^WST<!)+ 

73lS]tcSH$n/c2lfl©U-^' : F!$lf- 1 5X1. 1 5X 30 
2 fr6 ^lAXf-^W S T O- X?3(o)tO<liJffi(D^»|^ 

»cu-ife-A^!awsn» u—>f =f»ih 5 y . 15 

XI. 1 5 X 2{C<fcoT^XMX7 i -v ? WS TCDXjffi 

n?jfli$ 1 otflaestu 1 oti^cDtfsijfifcs 

^VT^E^-^^LT^xmXt-vW S T<DjIg 

mXT-i/l 4 0gf»i«K:!SBW*n5o 
[003 9] 0 4 tt, S^^Attx*;l/^-H<OH-iii) 40 
^x/^f-^WST, St>lti|iJffl7.r-v ? 1 4<D 
BEB<0— W&^U c<D04{c^-r«t-5fc^x/N^f— 

WflSEl 2^IWJfflXr->>'l 4±fc^SJ:5fcH- 
iflfflX-f— S/*l 4*&®tZ£, U— »fT8HH 5Y. 
15X1, 1 5X2fr6©l/— tre-Atf* ^x/nXt 
-v^WS TcDdJffi^^^l-nTltiiiJfflX-r-v 1 1 4©iJffi 

*tt 1 5 Y&tf 1 5 X 1 . 15X2 P.i#6ft5tH9Jffi 
lcm~3^T, ±fW3U 0«¥ffl*-*£^LTfWB 50 
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Xf->*WST, RtftfSiJffl*f—S> 1 4©{iBtt*3; 

ttHT'li, ±MP^1 0&9X/\Xx-i/*WS T, Rtf 
H-WAXx-v* 1 4©{iB£¥B ; t-££ffl^T:t-7 > 
>;l/-^rStfK»-rs 0 fib, u— «f=F»tH 5Y. 

15X1, 1 5X2<DflfiK, ^lAXf-^WST, & 
tffttHiJfflX-r- *>* 1 4 0ffi!£ffi5©fSfiT*&ffl-f Sfcifc 

£ffl^T{4Bft$J£fT-=> T & <fcl\, 
[0 0 4 0] 01 {CUD, WnTfeStf, &fgft¥& 

gfcS^T, £SBtt*<99X/\W«DSffitf&^ft^ 

[004 1 ] *m<oimmft&w<D®mc-o%m. 

WtZo 9eT, 7xMXr-^|col+jSiJfflXr-v ! 1 4 

*m^xw&K&%? uctttz&wt i L<oA*t7t» 

Si 3±T*0IJx.«+Y^rpl{c^)iL, ItilfflXr-^l 
4 P L fc «k 1 2 fclRlfr o T8» 

■TSo ttiijfflx-r-^i 4±©BM*a ; e-* 1 

1 4*^#±U ilO«lT«ltx^ 1 8ZftLXm 
[0 0 4 2] i.ffl®% 1 OTti, ^cDH-Sil^nfc^M^ 

k>, &®$fmm&\ lT-ti, 2ocDitiJ«fcs-^v> 

U 7X/NX-r-v*WS TiO^XMWOtf'L^S^ 

n<t?i:, ->xaxt-^ws T<D&®tffit>nz<, 
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jjitZvlc, U— IfflWM 5 Y . 15X1, 15X2 
- * -fyji--??} RT-mm-f zcticki rfiB 

[0043] mmrn^T--^ 1 4^mytmm 1 

1 5 Y, 15X1, 15 X 2frP>CQU— «f ^-Ajbl^tt 
SftS^K&ofcB^T, '^XMXr-v'WSTtDfi 

S«fc?}C&So ^©f^ b^;l/R<D±;£cD^|g^cDl' 10 

<fcoT, Uf-^URcDTv^^htffrfrftSo Cftt 
fit£|5]li$lc, ^CDS«PV-^gPl5f 1 7 ±CQgiJOg*pv- 

^co&B^ria i ©77^^ y h-ty-y- i 6-£l$di-f sc 

ft5o 20 

[0044] #fc, T^^^y h-tzy-9- 1 6^^tT^ 

xmW±<DrJt5£<D>'3 >y hffitf (^■y/Jl^a v h) fc 
ttK^ftfc "7 x/ w- * (D&WZtfi tUf 5 £ tic £i 
T, ^x/NWCD^i/3'y hM$©BE*iJffiHtf#4i>P>ft 

[0 0 4 5] ^gB^Ktt, E 1 Kfcl^T, gftft I 
L©BBWfiB«9 (H3*fi8) tcWLT, U?-*;l/Xf— 30 
^"R S T^LTU^/l/Rtf+YTjft (X»i-Y# 
fo]) K5I«VR?j£SSnS©fc|Rl8iLT, ftftfgigl 
2{cWLT^XMXr-> ? WS T^LT'i'XMW^- 
X#|o] (Xte + X#ft) tCjggjS • VR (jBtitaKff 

3RPL^KlE«%ia»-r5Ci:fcj:S 0 *LT, 1 oco 

S TCQX-r-y tf y^"(c<fco T S/ 3 >y h ^tS*^fiia 
#}ttBKI£»J U UT. Xf7y- 7>K • X*+>7a 
iCT'^a-y hMl^\©g»li#fTfrtt5. C<D^S 40 
Sftftctt, B2;fttfEI3£*-r«fc3fc, t7XMXx- 
^iiJtDltSilfflXf— 1 4, Stfl^^Xx-vW 
ftffljffl^x-^ 5 tt*n?n»tt1g«ttfcfSji LTV 

-So 

[0 0 4 6] $fc, ftft4HC«\ 1 rtTR 

*#14jj§»£l lCflttftStl, fift»4$ttffi*£ 1 ltli, 
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ilffl^l OTIi, M*.0?3£%¥ftP Lrt<Dflr£©L 

[0 0 4 7] JM±tf> iim<D8ftT'&S#, *m<D8B 
SftSBO* ^f-f yx^TSB^^Itffl-r S 4: tfc 
li, tfilfflXx-^'l 4$Kft£gi 2ffliJfc&»iLT8t 

uf-^R^ixf-^i/Xx-^R s T^e> 

Bfci^fc& H4£ttt^T, JHfitrS-feJ/tfl 9 

« 1 2rtT*X^, Y#|fttef»Lfc#&JB*##*It 

ffliJ-fS„ tffllfflXf 1 4 0{4B^=fc , ?iE 

£LT& £l/\> 

[0 0 4 8] bf-^^Xr-^iJOStSiJfflXf— 
S>5, &D*^x/NXf--> 7 ®JcDttSyfflXr-> ;? l 4£ffl 

R S T«+ Y^lPlKftigLT, ItSiJfflXx-i/*5±£D» 

«P«6^!SW««9rtfc»iit5 0 ItMiJfflx 

T-V 5iCimMMfifa<Ol'— f=Fmi7 XI, 7X2 

^ ,: F!$8t8 Y , 7X1, 7X2 ©ff-ffllJ«Cg^TfHJ|lJ 
fflXr-v-' 5 ©fufi^i^iWJgfcfitB^fc-et So 
[0 0 4 9] C©i:f{c, KKIMWLfc«fc'5»c, "7X/n 

PL^LTJS^^nSo H4C43U>T, 
ttSilfflXx-i/* 1 4 ^IBiltT, SteS 2 0±©X U «v 
hT'^^^V-^ I M©fi£X73lpK Y7j|S]fC^S 
b> MS«2 0OJS»O3tt«-fe>-9-©ttdi®^%iie««f 

iSm<fct), ^^tti^»^i is, p l ©fi 

toSo c©SEi»{4±iliijfii*i otcflW&sn, ^co^K) 

^P L©*£{ifttt£ffiIE-f So 
[00 50] ±E©IIJfiO}BffiTt4» 0 2 tc^f «fc 5 
lc, 9X^7s'r-> J W S TRD"ItffliJfflXr-v f 1 4 Ji, 
S-ft^nSfil 3±T¥ffi ; e-^(c c fcoTiKi()$nT^ 
So 1 kKtz^— $ <D%&faat>*kfc iot 

iJXAXf— >*W S TRtfltaJfflXf— S> 1 4 ^ 2 *7C 
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CDT'fctK 0 5(C*3^Tiai&D*ia2(C^-r§gl5^(C 

[0 0 5 1] 05 (a) l**m<Dfli&myt%W<Dy x/\ 
Xx-:^H!j£jjVf¥ffi0> 0 5 (b) &-^£>IEffi0T?& 
0, 05 (a) , (b) E&i^T, £^3 3<D±EEX 
^[Sj(C»cTW^2*cDXWU-7^-rF3 4 A&tf 10 
3 4 Btftag^ft, XttU^T^'-r F3 4 ARtf3 4 B 
*}g&ST5<fc9E, Y£ft GiS^iRi) Eifflfi^Ytty 
X73V F3 2tf|gfi£ftT<A£ 0 Yi'J-7AV F3 

3 4 A. 3 4 B£rGoTX77[pi]fcigij£ft2>o 
[0 0 5 2] F3 2(C^oT^-n 

^ftYT^E^SigftE, fioSWc&ifc^x/NXf- 

-v>'3 U &tffT!»lfflX-f-v ; 3 5#'gHfi$ft, ^ia 

W^iJS«^?n, li-fflfflXx-^3 5±IC{± / TO^ 20 
x* l 8, mmtsb-tyyi 9, Rtf!»|?&|g2 0tfB£ 

$ft, aij^ig2 o^gpicti^m-tr^^^ffi^jA^nT 

ij7XAXf-'>*3 1, &tfft$iJfflXT- 
-5>3 5 <DjgWi3-ft€ftx7-^7 U y^/M,T^ 
883 3±EiKB2ft, ^XAXf->"3 K RtfttSifffl 

xf->*3 5(i^n ; fnai(c^ia^oux7 ; e-^^ 

/>LTY$i'Jx7AV F3 2(crttoTY^[6](c|gi)$n 
§ 0 gp-£, ^iAXf-^3 1, SO*ItilfflXr-v ! 3 

5tt^n^n»ii(cYiftux7^ F3 2, Rvxmv 

-7*VF3 4A, 3 4 B{C»oT2#K;6fycM]$ft 30 
3„ ^LT, *P(cfc^Tfc, 03©1/^;PXt-:X* 
fJJCO U— If Ti^It 7 Y , 7X1, 7X2. 8 Y tfflffifji 
4«l(Dl/-+l s T)fH'{Cj;oT, ^l/\Xf->*3 U R 
tfftffli|fflXr-y ! 3 5c0 2^7cW^feB^fi-?a'J«n, C 
cDltfflil^fcS^^T^x/NX-r-^S K &.tfff-i9Jffl 

[0053] ^wcfciAT, mft^mm^-)^-. 

<fc 3 gft1S«E*f LT - Y 7? faEgtftfcfufiE H-) NX 40 

mmt-ft LX + Y tf|S]E$lftfduBEft-iJOT Xx- 3 
5^jS-T§o *<D»s ^XAXf-'^S 1 %X73(6], 
Y^ftEXry e>^*;*-t2:T, ^x/NWiOgftttiiCD 

^x/nXt-^3 l£Y||il'Jx7#VF3 2E& 
[0 0 5 4] ±a^9fc*0ijfcj;nu:\ Ytt'Jx7^ 50 
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■< F3 2(C»oTgta'IfflXr— >*3 5i^x/^f->* 
3 1 i:&34±z:K:BEfi£ftT^3 0 CKD^tCtoTs <fc 
0iU^Xr-^<Dff|fflliW^S5R?n5*S73fS] (Y# 
fa) (Dmmxit, H-»iJfflXr-i/"3 5^|gffijf ^^-S^ 

LTtiH-SiJfflXx-^3 5 t|s)^{cSB»)^n§/c:46, IE 

ME, fg^i:LTOltSiJfflXr-^3 5A^XAXf 
-v>3 lfre>#«$ftTlA&f;:i6, ^x/af-i/'S 1 
©teB&fefitlt^cDfgTtflftit £ ft T </ ^ 0 
[0 0 5 5] **3, #0lJE:Jo^T, 05 (a) , (b) 
E 2 £$3§T*f;-f £ 9 E YfA'J F 3 2 tm\\n 

m 2 <D Y ffl U X7 tf'T F 3 6 £ X £faE&») iftEIEB 
U Cl(7)Yf4'Jx7*V F3 2EitSiJfflXx-v ? 3 5£ 
Y^faK&KigfttcBeBLT&iiAo CftE^oT, ^ 
x/nXx-^'3 1 ^X^^IBK-r^^cDMfflimgfe^ 

[0 0 5 6] tfc, ±l2«m 1 (DnmommXlt, 03 
{c^-rj:^^, |SI-cDyjV F 4 A , 4 Bfc^oT Uf-^ 
;bXr-^R ST, RtfU-jBilfflXx-^S^iEB^ftT 
0 2 (D^x/nXt— v'diJcD J: o (c l/f^;Uf 
-J7RST, Ry*H-ffliJffl Xf->*5 ffiitc 2 ^SWE 
*]tt§J:^EbTtcfc^ 0 ME, ±ISOHfigcD«ffil? 
ti, ^x/NW^icB^ft^^x/NX-r-^WS T, 3 1 
ti^ft€ftlOfi§tfP)ftTlA&^ ->x>NW^icB$ft 

S^x/NXf— i>'^M^tTtmv\ ilcDJg-g-. 1 
OCD^X/nX-t— ^-pS^tTl/V (K^^xaXt- 
^■P7 5 -T ^ > h fflOttSi 35 § </ Hi «> x/N^^!^tf 9 

s^fflijE t * ;i/ r ^«B $ ft § «»© uf - * ;px f - 

«lft6tt»©Uf-^7l/Xr— S^tSftSUf- 

[0 0 5 7] #JE, *fe0^Om3«HSgCD^ffi(COt0 
OT?* 0 , 0 6&C/0 7 tfe^ti 1 HiXSm 2 EttJST 

*aj»fc«pi-«F#%f»fUT*o»aiiKw**i8-rs. 

SBB^ft, ^XAWIiW^O^XA^l/^LT 1 ) 
x^X-f-^4 l±E{S^$ft, <>x/NX-f-vM Hi 
3±EPx.tf 3 PiS ; e-^EJ;oTX73fS], Y73fS) 

E«ft;£ft5<fc5K«IB;fft-CVSo ^0^T-fei.A' s '> 
x/NXr-^4 1 rtE{i^XMWCD7*-*XffiB, R 
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x/nXt-vU lfctt£x/\W&Hty«fc3k:WBteI L 
JMSBfttt otHMMWIi* ii $ ft "TV So 
[0 0 5 8] 07(i, laecD^x/NXT-vM lCD^ffi 

*0 OififcKti, 3PPv-*95** 1 7, BBWBtx* l 
8, BaettS-feytfl 9, h2 1 X. 2 1 YAW 

JSSftfc»Sffi2 0tfBB£ftTV3o Sfc* £xmX 
t-S>4 l it'Mtz^ i 8<0ifi«fctt, m%MXS 
T*#*»PIHlSEW-«:»B , r*fc»oia»4 7/WfM£ft 10 
TfcO, G3SP4 7£gtp!!&8ff-£RBLTBftftI LO 
A&x;M/:£-£ftfl-f SCi:£<koT\ S&S&^S 

So Mt, -)x;^f-^4 l ±<D-mc¥tB£M<r)£ 

tvs. *pt*{*> cft6©tfB««0!»»*ffiSJ*-3 

/c46^ingfi*W 5» ftT l> So 
[0 0 5 9] BP%, 0 6tC-^£^AVT7Kt<fc? 
{<-, ii£t£2 0OXU >y h 2 1 Y©Jgg|$fC»ft U>X4 
2, Stfttttfe 4 3tfEfi£:ft WnT-&Stfft 20 
«-feV-9-4 3fCtt7>^St«ltt«ftT^S. fCT, 
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